Introduction
In human medicine, there is an entity of anemia among older individuals called "anemia of the elderly." It is common, with more than 10% of those aged ≥ 65 being affected. That number grows to almost 25% in individuals > 85 years. This anemia is usually mild but is associated with poor outcome and comorbid conditions, including an increased risk of mortality. 1 It is well-characterized in people and has been attributed to a variety of causes. Iron deficiency, in particular, has been identified as a major contributor to anemia in the elderly, with gastrointestinal bleeding and iron-poor diets as leading causes. Other reported causes include chronic kidney disease, anemia of chronic inflammation, myeloproliferative and lymphoproliferative disorders, and idiopathic causes. 1 The number of aging pets in the United States is also on the rise, with recent surveys revealing 30-49% of pet dogs being 7 years old or older. 2, 3 With this growing population of maturing pets, there is a need to understand the biologic effects of aging on routine screening tests commonly utilized in veterinary medicine. Moreover, CBCs and serum biochemistry profiles are more objective and sensitive at detecting disease Dr. Olver, an editor of the journal, was not involved in the peerreview process or the decision to publish this article. than physical examinations alone. 4 Thus, it is critical to perform these blood tests as part of the senior dog's yearly or bi-yearly checkup to detect early and/or occult disease.
Studies have been published examining the effects of aging on CBC and biochemistry variables; however, most of these studies were performed in a controlled laboratory environment, and with one or 2 breeds, where dogs experienced identical living conditions and were fed the same diet. [5] [6] [7] [8] [9] One large-scale retrospective study has examined many client-owned dogs of various breeds with the aim of identifying hematologic phenotypes and defining the dog as a model species for genetic determinants of blood traits in mammals. 10 However, these authors used numerous age stratifications, without a focus on geriatric animals, and did not examine serum biochemistry variables in concert with CBC data.
Long-term goals for our laboratory are to establish whether an "anemia of the elderly" entity exists in dogs, and if so, to determine if dogs would be a suitable natural model of this syndrome. Before investigating sick, anemic dogs, we first wanted to determine how aging, alone, might alter baseline physiology in clinically healthy dogs. As CBC and serum biochemistry changes of puppies have been recently reviewed 11 , the aim of the current study was to identify notable trends in clinically healthy, client-owned adult, senior, and geriatric dogs of many breeds to represent the diversity comparable to the human population. These age categories, while not strictly defined and varying by breed, are well established by veterinary professionals and are the categories most often used in senior patient care guidelines. 12 We hypothesize that senior and geriatric dogs will display changes attributed to "inflammaging," a term that refers to increased levels of systemic inflammation present in older individuals that may correlate with a higher incidence of chronic diseases and neoplasia. 13, 14 Inflammaging classically refers to increased inflammation secondary to the combined effects of immunosenescence, cumulative DNA damage, and oxidative damage over time. 15 While the definition does not specifically include anemia, it is a common finding of inflammaging 16 , associated with impaired erythropoietin release, shortened erythrocyte survival time, and functional iron deficiency due to the effects of hepcidin. 15 
Materials and Methods
Clinically healthy dogs that were presented between January 2009 and May 2015 for routine health examinations, minor dental procedures, or minor elective surgical procedures (such as routine ovariohysterectomy, castration, and removal of small, benign cutaneous masses) requiring a CBC and biochemistry panel were retrospectively identified at Colorado State University's (CSU) Veterinary Teaching Hospital. Hematology analyses were performed using the Advia 120 automated hematology analyzer (Siemens, Munich, Germany) with instrument settings and software specifically designed for canine samples. A manual PCV and refractometer plasma protein concentration reading were performed on each CBC sample received. All blood smears were reviewed by experienced laboratory technologists. Biochemistry analysis was performed on canine serum using the Roche Cobas 6000 (Basel, Switzerland).
All data from each dog were reviewed by 2 veterinarians-one board-certified clinical pathologist (KS) and one senior clinical pathology resident (LR). Exclusion criteria were based on what a practicing veterinarian would typically use to come to clinical treatment decisions; thus, exclusions were based not simply on data falling outside of the RI, but on degree of analyte change (Table S1 ). Patients with 2 or more biologically relevant abnormalities associated with underlying pathology were excluded, similar to what has been previously described. 17 Dogs were also excluded when a single abnormality indicative of disease was present for the following analytes: sodium, potassium, chloride, calcium, and ALP and ALT activity. All anemic (HCT < 36%) dogs, dogs with band neutrophils exceeding the upper end of the RI, any dog < one year of age, dogs receiving medication beyond routine anthelmintics and/or vaccinations, or dogs designated with a body condition score (BCS) < 4 (underweight) or > 6 (overweight/obese) were excluded from the study. Furthermore, any dog for which a subsequent visit within 6 months revealed a diagnosis of neoplasia or other pathology was excluded from the study. Dogs were not excluded for mild eosinophilia or based on serum iron values alone if all other variables were within the RI. The blood smears were reviewed for evidence of platelet clumping, and platelet count data were excluded from dogs with moderate to marked clumping. Likewise, all Shiba Inus and Akitas were excluded due to the genetic RBC microcytosis. 18 Finally, all Greyhounds were removed due to their documented CBC and biochemistry differences from most other breeds. 19 All dogs were then grouped into adult (1-7.9 years), senior (8-11.9 years), and geriatric (12+ years) age groups.
After all dogs meeting exclusion criteria were identified, a second analysis was performed for CBC and biochemistry variables that included all clinically healthy dogs initially identified, regardless of CBC and biochemistry data. The purpose of this alternate investigation was to identify any major differences in overall clinical findings between dogs with our strict exclusion criteria applied and a more inclusive group of dogs considered clinically healthy by the attending veterinarian (in spite of CBC and/or biochemical abnormalities). Impetus for this rests in the observation that human studies that consider variables among clinically healthy individuals do not typically exclude patients based on laboratory data. 20 
Statistical analyses
Complete datasets, containing all CBC, biochemistry, body weight, sex, breed, and age data, were collated in GraphPad Prism 6 (La Jolla, CA, USA). The D'Agostino-Pearson omnibus test confirmed that the data did not have Gaussian distributions. Nonparametric Kruskal-Wallis analyses followed by Dunn's multiple comparison tests were performed to assess differences among the 3 age groups. These same comparisons were performed on the second analysis, which incorporated previously excluded dogs. Statistical significance was set at a P ≤ .05. Median values and hospital RI are provided.
Results

General description of clinically healthy dogs
Dogs from all 3 age groups were considered clinically healthy based on review of the medical record at the time of sample collection, as well as evaluation of CBC and serum biochemistry panels. After data collection, 485 dogs were considered for inclusion: 202 in the adult group, 186 in the senior group, and 97 in the geriatric group. Of note, these 485 dogs represented the generalized clinically healthy group used in the second, more inclusive analysis comparing laboratory data among the 3 age groups. After excluding dogs based on CBC and biochemistry panel reviews, 302 dogs remained: 137 adults, 118 seniors, and 47 geriatric dogs. A variety of small and large breed dogs, as well as pure and mixed breeds were represented in each group (Table S2 ). There was no statistical difference in the frequency of large or small to medium breed dogs between the 3 age groups (P = .3326). While numerous CBC and biochemistry values were significantly different between the 3 age groups, all median values fell within the RI established at Colorado State University's Veterinary Teaching Hospital Clinical Pathology Laboratory, which was anticipated based on the clinically healthy status of the dogs and our exclusion criteria.
Aging dogs have lower lymphocyte concentrations and hematocrits compared to adult dogs
Of all leukocyte variables, the only statistically different value was seen in lymphocyte concentrations, which decreased with age ( Figure 1A ). This decrease was significant between adult and geriatric dogs (P ≤ .01). Median lymphocyte concentrations were 1.5 9 10 /lL, respectively. Hematocrit also decreased with age (Figure 1B) . Clinically healthy, geriatric dogs had lower HCT values compared to both adults (P ≤ .0001) and senior dogs (P ≤ .01). Median HCT for geriatric dogs was 46%, while it was 49% and 48% for adults and seniors, respectively. Similar to HCT, MCV values tended to decrease with age ( Figure 1C ). Both senior and geriatric dogs had significantly lower MCVs compared to adult dogs. Geriatric dogs had a lower MCV than senior dogs, although this trend was not significant. Median MCV was 69 fL for adults compared to 68 fL for seniors (P ≤ .01) and 67 fL for geriatric dogs (P ≤ .001) Mirroring this decrease in MCV, there was an increasing trend in RDW values with increasing age ( Figure 1D ).
Aging dogs have increased platelet and plasma protein concentrations
Platelet concentrations increased with advancing age (Figure 2A ). Compared to adults, both senior and geriatric dogs had statistically higher platelet concentrations. Median platelet concentration for adults was 286 9 10 3 /lL. In comparison, seniors had a median concentration of 342 9 10 3 /lL (P ≤ .0001), and geriatric dogs had a concentration of 374 9 10 3 /lL (P ≤ .0001). Refractometric plasma protein concentrations also increased with age ( Figure 2B ). Geriatric dogs had statistically higher plasma protein concentrations compared to both adult (P ≤ .001) and senior dogs (P ≤ .01). Median plasma protein concentration for geriatric dogs was 7.0 g/dL, while it was 6.5 g/dL for adults and 6.7 g/dL for seniors. Although not significantly different (P = .0688), serum total protein concentrations followed a similar upward trend with increasing age. Albumin concentrations were similar between adult and senior dogs, with a significant decrease present in the geriatric group ( Figure 2C ). Median albumin for both adults and seniors was 3.8 g/dL, and 3.6 g/dL for geriatric dogs. Conversely, globulin concentrations increased with age ( Figure 2D ). Median globulin concentration in adults was 2.4 g/dL. Compared to adults, both seniors (P ≤ .05) and geriatric dogs (P ≤ .0001) had significantly higher globulin concentrations. Median concentrations for senior and geriatric dogs were 2.6 and 2.7 g/dL, respectively.
Aging dogs have decreased serum glucose concentrations and increased liver enzyme activities and cholesterol concentrations compared to adults Serum glucose concentrations decreased with advancing age, with the most striking decrease noted in the geriatric group ( Figure 3A) . Median serum glucose was 102 mg/dL in adult dogs, 100 mg/dL in seniors, and 94 mg/dL in geriatric dogs. Significant differences RDW between groups of clinically healthy adult (n = 137, 1-7.9 years), senior (n = 118, 8-11.9 years), and geriatric (n = 47, 12+ years) dogs. Horizontal blue dotted lines represent the RI for each measured value. *P < .05, **P < .01, ***P < .001, ****P < .0001.
were present between adult and geriatric dogs (P ≤ .001) and between senior and geriatric dogs (P ≤ .01). Serum cholesterol also increased with age ( Figure 3B ). There was a significant difference present between adult and geriatric dogs (P ≤ .05). Geriatric dogs had a median cholesterol concentration of 250 mg/dL, while adults had a median of 225 mg/dL. Senior dogs had a median cholesterol concentration of 230.5 mg/dL.
Similar increases were present in both ALP and ALT enzyme activities ( Figure 3C,D) . For ALP, significant differences were noted between all 3 age groups, although the greatest difference was present between adult and geriatric dogs (P ≤ 0001). Median ALP activity was 39 IU/L for adults, 48 IU/L for seniors, and 89 IU/L for geriatric dogs. Geriatric dogs had a significantly higher ALT activity compared to adult dogs (P ≤ .01). Median ALT activity was 37 IU/L in adults, 40.5 IU/L in seniors, and 56 IU/L in geriatric dogs.
Aging dogs have higher urea and phosphorus concentrations and higher urea-to-creatinine ratios than adults Increased urea concentrations were present in geriatric dogs ( Figure 4A ). This increase was statistically different from both adult (P < .01) and senior dogs Figure 2 . Comparison of median concentrations of (middle red line) (A) platelets, (B) refractometric plasma protein, (C) albumin, and (D) globulins between groups of clinically healthy adult (n = 137, 1-7.9 years), senior (n = 118, 8-11.9 years), and geriatric (n = 47, 12+ years) dogs. Horizontal blue dotted lines represent the reference intervals for each measured value. *P < .05, **P < .01, ***P < .001, ****P < .0001.
(P < .01). Median urea concentration was 17 mg/dL for both adults and seniors, while it was 21 mg/dL in geriatric dogs. Of note, creatinine was not significantly different among the 3 age groups ( Figure 4B ). Urea-tocreatinine (U:C) ratios were also compared among the 3 age groups ( Figure 4C ). The median ratio of the geriatric group was 22.31, which was significantly higher than both the adult (P ≤ .0001) and senior (P ≤ .001) groups, which had median ratios of 17.5 and 17.07, respectively.
Serum phosphorus was increased in geriatric dogs compared to seniors (P ≤ .01) ( Figure 4D ). Median serum phosphorus concentration was 3.8 mg/dL in adults, 3.6 mg/dL in seniors, and 4.0 mg/dL in geriatric dogs.
Aging dogs have decreased serum chloride and increased serum potassium concentrations, increased anion gap, and decreased serum iron concentrations compared to younger adults Geriatric dogs had decreased serum chloride concentrations compared to both adult (P ≤ .01) and senior (P ≤ .05) dogs ( Figure 5A ). Median serum chloride was 113 mEq/L for adults and senior dogs, while it was 112 mEq/L in geriatric dogs. In contrast, serum potassium was increased in aging dogs ( Figure 5B ). This was statistically significant between geriatric and adult dogs (P ≤ .01), as well as between adults and seniors (P ≤ .05). Median potassium concentration was 4.3 mEq/L for adult and senior dogs, while it was Figure 3 . Comparison of median concentrations and activities (middle red line) of (A) serum glucose, (B) cholesterol, (C) ALP, and (D) ALT between groups of clinically healthy adult (n = 137, 1-7.9 years), senior (n = 118, 8-11.9 years), and geriatric (n = 47, 12+ years) dogs. Horizontal blue dotted lines represent the reference intervals for each measured value. *P < .05, **P < .01, ***P < .001, ****P < .0001.
4.5 mEq/L in geriatric dogs. Anion gap was also increased in the geriatric group of dogs ( Figure 5C ). This increase in anion gap was significantly different between adults and geriatric dogs (P ≤ .0001), as well as senior and geriatric dogs (P ≤ .01). Median anion gap was 18 nmol/L for adults and senior dogs. The median anion gap for geriatric dogs was 20 nmol/L. Serum iron decreased with age ( Figure 5D ). Serum iron in geriatric dogs was significantly decreased compared to adults (P ≤ .01) and seniors (P ≤ .05). In fact, the maximum serum iron value in the geriatric group was only 185 lg/dL, which is clearly below the upper limit of the RI of 270 lg/dL established at CSU. Median serum iron was 173.5 lg/dL for adults, 145.5 lg/dL for seniors, and 128 lg/dL for geriatric dogs.
Similarities and differences between analyses of the experimental group and a more inclusive population of clinically healthy dogs
The authors were curious to see if a population of dogs deemed clinically healthy by the attending veterinarian on the basis of physical examination findings alone exhibited comparable findings to those more rigorously screened via CBC and serum biochemistry profiles for inclusion in the main aspect of this study. Interestingly, Figure 4 . Comparison of median concentrations (middle red line) for (A) urea, (B) creatinine, (C) urea-to-creatinine ratio (U:C), and (D) serum phosphorus between groups of clinically healthy adult (n = 137, 1-7.9 years), senior (n = 118, 8-11.9 years), and geriatric (n = 47, 12+ years) dogs. Horizontal blue dotted lines represent the reference intervals for each measured value. *P < .05, **P < .01, ***P < .001, ****P < .0001. similar trends for the inclusive study were noted for all variables previously discussed in the Results section ( Figure S1 ). In addition, when all dogs were considered, there was a significantly higher total calcium concentration seen in the geriatric group compared to senior dogs (P ≤ .01). This difference was not present in the population of dogs with applied exclusion criteria. Median total calcium was 10.7 mg/dL in geriatric dogs, 10.5 mg/dL in adults, and 10.4 mg/dL in senior dogs.
Discussion
Clinically healthy, aging dogs demonstrate numerous differences in their CBC and serum biochemical profiles compared to younger adult dogs. Some of these differences are attributable to normal immunosenescent changes, while others point to potential early pathology or altered physiology that warrants further investigation.
Older dogs have evidence of potential gastrointestinal bleeding
One of the most striking findings of the current study is the evidence for possible gastrointestinal bleeding in aging dogs, supported by a higher urea concentration in the geriatric group compared to both adults and seniors. A previous study also found higher urea concentrations in dogs 14 years old. 9 In contrast, an older Figure 5 . Comparison of median concentrations (middle red line) of (A) serum chloride, (B) serum potassium, (C) anion gap, and (D) serum iron between groups of clinically healthy adult (n = 137, 1-7.9 years), senior (n = 118, 8-11.9 years), and geriatric (n = 47, 12+ years) groups. Horizontal blue dotted lines represent the reference intervals for each measured value. *P < .05, **P < .01, ***P < .001, ****P < .0001.
study showed that blood urea nitrogen decreased in aging females only 21 , but this was documented only in a single breed. Although chronic kidney disease cannot be excluded as a cause for this increase in urea, gastrointestinal bleeding may be more likely given creatinine did not concurrently increase in the geriatric group. In fact, creatinine was lower in the geriatric group, although this decrease was not statistically significant (P = .2749). However, the decreased lean muscle mass typically present in aged dogs may have masked an increase in creatinine. Recently, it was shown that serum creatinine and lean muscle are positively correlated in clinically healthy dogs, with serum creatinine values decreasing with advancing age. 22 Previous studies have found either a decrease 9 or no change 8 in creatinine with age.
Increased urea coupled with lower creatinine concentrations led to a significantly higher U:C ratio in the geriatric group. In fact U:C > 20:1 can be considered increased for small animals, and the most common reason for an increased ratio is gastrointestinal bleeding followed by dehydration. 23 This is supported by another retrospective study in dogs at high altitude, which found that the median U:C ratio for dogs with upper gastrointestinal hemorrhage was 27.6 (range 7.1-78.2), compared to 14.4 (range 6.6-36.6) in agematched controls (of unspecified age). 24 Of note, it is interesting that the median U:C ratio for the adult and senior animals in our study were higher than the controls in this reference; however, the U:C ratio in both manuscripts had ranges up to > 20:1. It would be worthwhile to investigate whether this may be indicative of underlying pathology in adult and/or senior dogs. As mentioned above, decreased glomerular filtration rate cannot be excluded as a cause for the increased U:C ratio seen in geriatric dogs, particularly given the increased serum phosphorus in this group. A prospective study including urinalysis and fecal occult blood tests is warranted to further dissect the cause of the increased U:C ratio in geriatric dogs.
Gastrointestinal bleeding with concurrent iron deficiency may also explain the decreased HCT, MCV, and serum iron concentrations in older dogs. Blood loss attributed to gastrointestinal bleeding may not always be so severe as to cause anemia. Moreover, chronic gastrointestinal disease or neoplasia may contribute to anemia of chronic disease (ACD), sometimes also referred to as anemia of inflammation. Decreased MCV, albeit only minor differences were present, along with decreased serum iron and increased platelet concentrations all suggest iron deficiency, which is commonly associated with gastrointestinal bleeding. According to a recent review 1 , the most common cause of anemia in elderly people is iron deficiency-usually due to gastrointestinal bleeding rather than nutritional deficiency in Western societies. It would not be surprising if aging dogs mimicked aging people in this respect, and our findings indicate that the dog may be a suitable, natural model for studying anemia of the elderly.
Older dogs may have evidence of "inflammaging"
As mentioned previously, inflammaging is a term referring to an accumulation of inflammatory mediators in older people that may predispose these individuals to chronic diseases and cancer.
14 Although the retrospective nature of this particular study precluded the measurement of specific inflammatory cytokines, there was CBC-related and serum biochemical evidence of inflammation. Most notably, the geriatric group had higher plasma protein concentrations compared to both adults and seniors. Although the serum total protein displayed a similar trend, it was not statistically significant. This difference may be attributable to a higher fibrinogen concentration in the geriatric group, which would affect the refractometric plasma protein, but not serum protein measurements; however, this cannot be confirmed, as fibrinogen is not routinely measured in canine samples in our laboratory. This increased plasma protein was comprised of higher globulin concentrations along with decreased albumin-a classic inflammatory pattern for these proteins. 25 Decreased albumin with increased globulins has been previously described in older dogs 8, 9 , which was due to increased concentrations of serum IgA. 5 Likewise, geriatric and senior dogs had higher platelet concentrations compared to adults, supporting what others have found. 8, 10 While these increased platelet numbers may be attributed to iron deficiency as described above, it may also be a reactive thrombocytosis secondary to inflammation. Interleukin-6, which is increased in inflammation, stimulates production of thrombopoietin, often resulting in thrombocytosis in inflammatory disorders. 26 The decreased HCT seen in older dogs may be attributed to blood loss via gastrointestinal bleeding. However, other occult underlying processes cannot be ruled out in these patients, despite normal physical examination and laboratory data. It is possible that the lower HCT seen in the geriatric dogs is due to ACD. Furthermore, the decreased MCV may be attributable to a combination of iron deficiency (eg, gastrointestinal bleeding) and iron sequestration in macrophages secondary to inflammation. Inflammation, particularly IL-6, stimulates hepatic production of hepcidin, a peptide hormone that promotes the ubiquitinmediated degradation of the only known iron exporter, ferroportin-1. 27 When hepcidin concentrations are high, as in the case of inflammation or iron overload disorders, the resulting iron sequestration within duodenal enterocytes, hepatocytes, and macrophages limits iron availability to the bone marrow where it is needed for hemoglobin synthesis. If inflammation is chronic, decreased bioavailability of iron can eventually result in microcytosis. Similarly, serum iron concentrations often decrease with inflammation, as transferrin, the main iron transporter, is a negative acute phase protein. 25 Previous studies have also demonstrated decreased HCT 10 , decreased MCV 7,10 , and decreased serum iron concentrations 9, 21 in old dogs, often attributing these findings to low-grade inflammation. Current iron panels used in veterinary medicine lack specificity and make the distinction between iron deficiency anemia, ACD, and the combination of these 2 entities rather difficult. Development of new diagnostic tests (eg, for soluble transferrin receptor and hepcidin) that can differentiate these clinical syndromes is imperative to further our understanding of pathogenesis of iron dysregulation in dogs.
In addition to the changes described that may reflect higher levels of inflammation in dogs, there was at least one finding associated with "normal aging." Geriatric dogs exhibited decreased lymphocyte concentrations compared to younger adults. This finding has been described in many papers 5, 6, 8, 10, [28] [29] [30] [31] and is attributed to immunosenescence. The decline in lymphocytes is typically credited to a loss of CD4 + T cells with increasing age. 5 Decreased lymphocyte concentrations may also be due to a stress leukogram in dogs; however, other evidence for this, such as neutrophilia and hyperglycemia, was not present in the current study.
Older dogs have increased liver enzyme activity and increased cholesterol
In addition to evidence of inflammation and gastrointestinal bleeding, aging dogs also have increased liver enzyme activity and increased cholesterol concentrations. Specifically, cholesterol, ALP, and ALT increased with age, which have been previously described. 9, 21, 32 There are numerous possible explanations for these increases. For ALP, it is possible that older dogs have underlying hyperadrenocorticism or chronic stress. Future studies, including measurement of the specific corticosteroid form of ALP, should be performed to evaluate these possibilities. Cholestasis, chronic pancreatitis, infiltrative disease, and inflammatory bowel disease/enteritis are other considerations for increased liver enzyme activity and cholesterol concentrations in geriatric dogs. Although the median cholesterol concentration for geriatric dogs was within the RI, the trends toward hypercholesterolemia may also indicate an increased incidence of hypothyroidism or potential nephrotic syndrome (particularly with downward trend in albumin) in aging dogs. Nephrotic syndrome seems unlikely in this population of dogs as no pathology was reported up to 6 months after obtaining CBC and biochemistry data. Prospective studies, including urinalyses (to assess for proteinuria) and thyroid panels would help dissect the cause of increasing cholesterol concentrations in aging dogs.
Studies have found differing patterns in serum glucose changes with aging. One has found that serum glucose increases with age 8 , which was attributed to increased insulin resistance. Another study found that glucose decreases with age. 9 Likewise, serum glucose decreased with age in the current study. The most likely explanation for this finding is that liver glycogen stores decrease with age. 9 Another possibility is decreased functional hepatic mass, although there is not much supporting evidence for this in the current study other than a decreased albumin.
Older dogs may have a decreased serum water fraction
Some findings in the current study can be attributed to decreased serum water fraction or dehydration in older dogs-primarily the increased anion gap and potentially the azotemia. In our work, the higher anion gap -believed to be due to presence of lactic acid-and serum potassium concentrations are both findings that can be seen with metabolic acidosis incited by dehydration. Another study also found that potassium increased with age, and suggested decreased renal tubular function as a cause. 9 In the geriatric group, the anion gap is likely actually higher than reported, given the lower albumin present in this age group. As mentioned in the above section on potential gastrointestinal bleeding, chronic kidney disease cannot be ruled out as a cause of the higher potassium concentrations. Additionally, the higher urea and phosphorus concentrations may also potentially be due to dehydration or renal disease.
While anion gap and potassium increased with age, serum chloride decreased with age, which is contrary to the expected increase of this analyte in dehydration. This decrease in serum chloride, however, was minor. Although typically expected with metabolic alkalosis, chloride can decrease with high anion gap acidosis, although a proportional change in sodium concentration is typical. 25 As there was not a similar pattern in serum sodium concentration, the significance of the decreased chloride concentration should be explored further.
Similar trends in CBC and biochemistry findings are present in a generalized clinically healthy group of dogs
We were interested to elucidate if the findings present in the dogs with our strict exclusion applied differed from those in dogs deemed clinically healthy based on physical examination, yet did not meet our inclusion criteria for CBC and biochemistry values. Interestingly, the same trends were noted in all tested variables. The only additional finding was a higher median total calcium concentration in geriatric dogs in the more generalized group. This is a striking finding as decreased albumin was also present in this age group. This finding may be attributed to occult malignancy, renal disease, or hyperparathyroidism.
Conclusions
Clinically healthy, aging dogs of a variety of breeds, living in differing environments, and eating different diets exhibit changes in CBC and serum biochemical profiles that suggest altered physiology or emerging pathology as dogs age. Most notably, there is evidence for iron deficiency-potentially due to gastrointestinal bleeding-and inflammation. Future studies examining inflammaging in dogs are warranted, and a specific workup for gastrointestinal bleeding should be included. Indeed, results from prospective work may provide useful knowledge and guidelines that could shape geriatric wellness practice. Iron deficiency secondary to gastrointestinal bleeding is the most common cause of "anemia of the elderly" in people.
1 Based on this study, dogs appear to mimic people in this regard and further work is warranted to determine if dogs represent a useful natural model of this disease.
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